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1. INTRODUCTION
Up until January 2001 the South Area Stillwaters Sampling Programme consisted of a rolling 
programme where five to six stillwaters (from a pool of about twenty) were sampled 3 times a 
year (spring, summer and autumn).
However, this method was not yielding the water quality information required for long term 
monitoring. Local weather conditions influence short-term water quality events, e.g. algal 
blooms, nutrient consumption, stratification, super-saturation etc, so results from one day 
sampling could only be regarded as individual ‘spot’ samples. Therefore year-on-year 
comparisons could not be made.
It was decided that long-term water quality monitoring of the stillwaters would benefit more from 
sampling nutrient abundance over winter months. This would give an insight into the carry-over 
of nutrients available for algal growth the following year and so year-on-year productivity could 
be assessed.
This decision coincided with a review by South Area Stillwaters Group, which identified 
stillwaters with a number of issues, including the need for water quality monitoring. The thirteen 
stillwaters targeted are tabulated below. These thirteen make up the annual winter sampling 
programme carried out by Marine and Special Projects. Although not a target stillwater, Marbury 
Big Mere is included in the sampling programme due to concerns over the highly productive 
nature of the mere.
Table I. Criteria used for mere targeting decisions
Mere Issues:
Status Access Nutrient
Enriched
Sediment
Issues
Water
level
Alien
Species
Grazing/
erosion
OAKMERE SAC ✓ Increasing ✓ ✓ ✓
ROSTHERNE RAMSAR ✓ Diversion
reduced
inputs
TATTON & 
MELCHETT
RAMSAR ✓ Yes ✓
TABLEY SSSI ✓ Yes ✓ ✓
MERE & LITTLE RAMSAR ✓ Yes? (I) ? ✓
BETLEY RAMSAR ✓ Yes ✓ ✓ (I) ✓ addresse 
d byEN
OSSMERE RAMSAR ✓ Yes ✓ ✓ (I) ✓
HATCHMERE RAMSAR ✓ Run-off
reduced
now
✓ (I)
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NORBURY SSSI Yes? (I) ✓ V  addresse 
dbyEN
QUOISLEY RAMSAR Yes ✓ ✓ ✓
COMBERMERE SSSI ✓ Yes (I)
CHAPELMERE RAMSAR ✓ Yes (I) /  addresse 
d byEN
BARMERE SSSI ✓? ? (I) ✓ CD
(I) = requires investigation
During the review it was also proposed that, along with Oak Mere, Bar Mere (SJ 53762 47959) 
would have a continuous monitoring programme. Bar Mere is a SSSI site with a large agricultural 
catchment. Water levels have fluctuated in previous years. The Environment Agency, English 
Nature and Fanning and Wildlife Advisory Group (FWAG) have already targeted other areas of 
the catchment (Chapel Mere and Norbury Meres) due to the lack of information on the issues 
highlighted above. Due to the Foot and Mouth outbreak in February 2001, monitoring on Bar 
Mere did not begin until February 2002. At the same time a water level data logger was installed 
by the Agency.
2. WINTER MONITORING: 2001 & 2002
In February 2001 and January 2002 - 14 stillwaters were sampled. The beginning of February
2001 was very wet with high rainfall occurring during the sampling week. In 2001 the end of 
January was very mild, sunny and dry.
Stillwaters Sampled, with National Grid Reference and Survey Dates
Comber Mere SJ 58776 44494 05/02/01 28/01/02
Oss Mere SJ 56670 44054 05/02/01 28/01/02
Marbury Big Mere SJ 56033 45452 05/02/01 28/01/02
Chapel Mere SJ 54061 51881 06/02/01 28/01/02
Bar Mere SJ 53685 48035 06/02/01 28/01/02
Oak Mere SJ 57549 67532 06/02/01 28/01/02
Hatch Mere SJ 55360 72142 06/02/01 28/01/02
Black Lake SJ 53811 70906 06/02/01 28/01/02
Betley Mere SJ 75024 47985 07/02/01 30/01/02
Tabley Mere SJ 72184 76783 07/02/01 29/01/02
Melchett Mere SJ 75125 81131 07/02/01 29/01/02
Tatton Mere SJ 75546 80210 07/02/01 29/01/02
Rostherne Mere SJ 74226 84110 09/02/01 30/01/02
Mere Mere SJ 73262 81730 09/02/01 29/01/02
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Methodology
In 2001 a boat was used to access the deepest site of the stillwater. Here, bottom and surface 
water samples were taken to determine principal nutrient (nitrogen and phosphorus) 
concentrations and algal abundance (surface only). A multi-parameter probe measuring 
temperature, pH, specific conductivity and dissolved oxygen (% saturation) was profiled through 
the water column. Secchi disc readings were taken to measure water transparency. Initial analysis 
of 2001 data proved that the waters were fully mixed and there was no difference between 
surface and bottom readings for both nutrient abundance and physio-chemical readings. For this 
reason 2002 sampling was simplified to surface measurements only taken from the bank-side. 
With this method water transparency could not be determined.
The physio-chemical parameters and nutrient concentrations measured in surface waters for 2001 
and 2002 have been graphed. Each stillwater is ranked in ascending order of parameter value 
from the 2001 results. The N:P ratio of each stillwater has been calculated and is tabulated. The 
Appendix includes location maps and raw data.
Results
During winter months, the expected stage of the limnological annual cycle is for maximum 
nutrient levels, minimum chlorophyll abundance, full homogenous mixing of the water column, 
high dissolved oxygen and neutral (7) pH. In winter nutrient inflow exceeds uptake by algae and 
the nutrients are fully mixed through the water column. This compares to summer months when 
nutrient uptake by plants exceeds inflow and nutrient availability is physically limited to the 
epilimnion by the presence of thermal stratification. In winter 2001 and 2002 the following was 
recorded:
Chlorophyll a: In 2001 10 stillwaters had chlorophyll abundance below 10 f.ig/1 but two
showed excessive winter values (Tabley Mere (30 ng/1) and Oss Mere (50 
Hg/1)). In 2002 abundance was more evenly distributed amongst the 
stillwaters, averaging between 10 and 15|_ig/l.
Dissolved Oxygen: The majority of the stillwaters showed dissolved oxygen levels between
80 and 100% sat. - an expected winter level. Black Lake was particularly 
unusual in both 2001 and 2002 as dissolved oxygen levels read 45 and 
70% sat. respectively.
pH: The only stillwater that did not show neutral pH was Black Lake;
recording an acidic pH of 4.7 in 2001 and 5.6 in 2002. This could be due 
to the peaty substratum, a characteristic of Delamere Forest soils.
Phosphorus: Levels of phosphorus varied greatly between stillwaters, ranging from 25
to 300 ng/l. It is known that Cheshire stillwaters are naturally nutrient 
enriched and winter baseline total phosphorus levels are expected to be 
high relative to Cumbrian Lakes for example, (e.g. Esthwaite Water a 
hyper-eutrophic water,, total phosphorus = 25 \xg!\, winter 2000). With the 
majority of the stillwaters 2 to 12 times greater than the most eutrophic 
water in Cumbria, this shows how enriched the Cheshire stillwaters are. 
Ortho-phosphate levels (the soluble fraction of phosphorus) were at
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slightly lower values than total phosphate due to its readily available 
uptake by algae.
Nitrogen: Nitrate levels (the soluble fraction of nitrogen) ranged greatly from 200
\igl\ in Oak Mere to 8 000 jj.g/1 in Bar Mere. (For comparison Esthwaite 
Water had a winter level of 6 000 |ug/l in 2000). None of the stillwaters 
had nitrate levels below 4 000 (j.g/1 which is considered a low winter 
nitrate value. Tabley Mere, Bar Mere and Hatch Mere had nitrate values 
higher than 4 000 \ig/\ in 2001 and levels of 5 000,7 000 and 8 000 |Ltg/l 
respectively in 2002. Ammonia levels were less than 200 fj.g/1 in 9 of the 
stillwaters and less than 600 |ng/l in them all - except for Black Lake 
which had readings of 800 and 1300 [ig/1 in 2001 and 2002 and which 
would be indicative of the peaty substratum.
N:P Ratios: The N:P ratios were calculated using total organic nitrogen and total
phosphorus. The Redfield N:P ratio states that a ratio of less than 16:1 
indicates a water that is N limited and above 16:1 one that is P limited. 
The ‘norm’ for freshwater is to be phosphorus limited for phytoplanktonic 
growth. It may be hypothesised that the Cheshire stillwaters are likely to 
be N limited due to the low nitrogen results.
As the N:P table shows for both years Oss Mere, Comber Mere, 
Rostherne Mere and Tatton Mere were N limited (below 2:1 and 9:1). 
However, Mere Mere, Betley Mere, Tabley Mere and Bar Mere were P 
Limited (20:1 and above). Hatch Mere was an oddity as it showed both 
extremes of being N and P limited.
3. CONTINUOUS MONITORING
The results from the continuous monitoring at Oak Mere and Bar Mere have been graphed and 
summary tables produced.
OAKMERE: 2001 and2002
A monitoring buoy has been deployed in the surface waters of Oak Mere since summer 1997 
providing continuous water quality data. During visits to service the instrumentation, water 
samples are taken at the surface and bottom for nutrient concentrations (N, P, and S) and surface 
only for suspended solids and algal abundance.
Oak Mere is a surface manifestation of groundwater, being at the crest of a groundwater divide. 
Oak Mere itself is fed by precipitation and local surface runoff. This water then flows out of Oak 
Mere, in a radiating pattern, into the groundwaters. Water levels have naturally fluctuated over 
the years (although historic highs will never be reached again due to local mineral extraction
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lowering the overall water table). Severe lowering of water levels in the late 90’s lead to the 
instalment of an Environment Agency water level data logger in 1998. Since then water levels 
have risen due to long term increase in rainfall.
Recent Developments
• In February 2002 the multi-parameter Hydrolab DS4 was replaced with a YSI 6920. This 
instrument is very similar to and measures the same parameters as a Hydrolab but has an 
extra port for a chlorophyll probe. The YSI chlorophyll probes are new purchases to the 
Environment Agency and Oak Mere is being used as a test site for this type of algal 
monitoring. Water samples for laboratory algal analysis will continue for YSI probe 
calibration and to allow comparisons between the two methods.
• Since the water level continued to remain high in May 2002 the instrumentation was moved 
to the jetty on the southwest shore of the mere and deployed in lm  depth of water. The 
advantage of not having to launch a boat means the length of the survey day is less resource 
intensive. The disadvantage is no bottom water nutrient samples can be taken, nor secchi disc 
readings if  water clarity is greater than 1 m.
Results
In 2001 the Hydrolab was deployed for 60% of the time, giving fairly good coverage of the year 
before removal in December. In 2002 the new YSI sonde was deployed mid March with a short 
period of removal in May. Coverage for the year was 70%. The sonde was removed in December 
for a winter service and redeployment is expected February 2003.
Table 2a. Oak Mere continuous monitoring statistics for 2001 & 2002 -  surface waters
Parameter 2001
Min Max Ave Coverage (%)
2002
Min Max Ave Coverage (%)
Temperature °C 3 23 12 60 3 25 14 71
Sp.Cond |j,S/cm 68 110 79 60 75 104 82 71
DO % 45 101 77 60 40 143 88 65
pH 5.5 6.5 6.1 59 6 9.4 6.5 71
Chlorophyll |_ig/l 2 85 19 71
Table 2b. Oak Mere nutrient statistics for 2001 & 2002 -  surface waters
Parameter 2001
Min Max Ave
2002
Min Max Ave
Chlorophyll a jj.g/1 4 115 28 5 124 55
Susp.Solids mg/1 3 12 4 3 9 5
Total P |ig/l 37 215 108 78 258 144
Ortho -  P fxg/l 10 77 38 2 88 45
Nitrate |_ig/l 2.5 316 133 3 381 125
Ammonia (j.g/1 12 424 173 9 485 96
Silicate (J.g/1 12 1200 727 409 1710 795
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Dissolved Oxygen:
pH:
Phosphorus:
Nitrogen:
Chlorophyll a:
Secchi:
In 2001 dissolved oxygen levels fluctuated between 45 and 100% sat. The 
lowest levels occurred during summer months and, atypical from previous 
years, super-saturation did not occur at any time. In 2002 dissolved 
oxygen reached its lowest level (40% sat.) in August and super-saturation 
occurred in spring (110% sat.) as well as intermittently through the 
summer (max 140% sat. in September). These periods of super-saturation 
coincided with algal peaks, indicating high photosynthetic activity with 
release of photosynthetically produced oxygen exceeding diffusion of 
oxygen out of the system.
In both 2001 and 2002 pH continued its increasing alkaline trend, ranging 
from pH 5.5 to 6.5 during 2001 and from pH 6.0 to 9 in 2002. The uptake 
of carbon dioxide during photosynthesis removes soluble CO2 (carbonic 
acid) from the surrounding water, causing pH to rise - hence the 
corresponding peak in pH value during algal growth, particularly during 
the June, August and September algal peaks.
In 2001 surface and bottom phosphorus showed similar values through the 
year and remained below 200 |Lig/l. The exception was in July and August 
when bottom phosphorus increased to over 400 (_ig/l. This indicated 
thermal stratification might have occurred since bottom waters would 
have increased in nutrient concentration due to organic breakdown of 
depositing debris and also due to isolation from algal consumption. In
2002 total phosphorus levels remained below 300 |a.g/l. Typical to the 
expected seasonal pattern in both years ortho-phosphate levels were lower 
than total phosphorus, remaining below 100 jxg/1 - the exception being 
August 2001 (550 jug/l).
In 2001 nitrate steadily increased from 100 to 300 |Lig/l until May / June 
when consumption and an algal bloom led to the collapse of the nitrogen 
pool. After September levels continued to rise until the end of the year, 
returning to an autumn high of 250 |ig/l. 2002 saw a winter high of 300 
l_ig/l followed by a total collapse from April through to September. Such 
depletion has occurred in previous years and confirms that Oak Mere is 
N limited, as calculated with the Redfield N:P Ratio.
During the first half o f 2001 chlorophyll levels remained relatively low 
similar to past years. Only in July there was a peak of nearly 100 jj.g/1 and 
again in September of 115 ja.g/1. In 2002 chlorophyll was generally more 
abundant and relatively high from spring and through summer, reaching 
a peak of 120 ju.g/1 in September. These autumn peaks indicate that 
‘autumn turnover’ occurred -  the thermal breakdown of the water column 
and mixing of bottom, nutrient rich waters with surface waters so 
delivering a source of food for the algal community.
Water transparency reached a minimum of 0.8 m and only a maximum of 
1.5 m in 2001. The story was similar in 2002 before the buoy was moved
in April and secchi readings, discontinued. The water of Oak Mere is 
naturally tainted orange/brown due to the peaty substrate and this 
contributes to the low water transparency. Levels of suspended solids 
were not significant to affect water transparency.
Algal Analysis: (I) Phytoplankton and Zooplankton Results (Author Paul Breslin)
PHYTOPLANKTON RESULTS:
Summary
Oak Mere has been sampled for phytoplankton for 16 months in the period running from 6th June
2001 to 17th October 2002, a summary of the monitoring programme follows.
Diatoms and cryptamonads generally did well in the spring, the green algal flora dominated the 
summer of 2002 and the blue-greens appeared in the late summer / autumn of 2001 and 2002. 
The majority of blue-greens observed were o f the non-toxic variety, some concern should be 
raised regarding the trace levels of toxic species, although the concentrations considerably below 
the thresholds levels for toxicity. The algal biomass for the Mere is summer 2001 was quiet low, 
but the summer of 2002 was higher due to strong green algal bloom, which indicates a warmer 
and longer summer in 2002 than 2001.
Summer 2001 (6th June to 1 7th August):
This season was heavily dominated by cryptomonads, they peaked on 12th July with large 
concentrations of Cryptomonas ovata and Rhodomonas minuta. Cryptomonads are very small 
algae that contain coloured pigments, green/yellow or red/brown respectively, which enable them 
to photosynthesise under very low light conditions (turbid water), very deep in the water column 
or during times of the year when sunlight is low. They are also an important source of food for 
zooplankton, in particularly bosminids.
There was some blue-green activity and their densities were seen to be increasing throughout the 
season, but their abundances remained relatively low. Blue-greens observed included 
Gomphosphaeria, mucilage covered colony of cells, this renders them unpalatable or it at least 
reduces the grazing pressure from the zooplankters - it does not produce harmful toxins. In 
August there was a switch within the assemblage of blue-green algae, it changed from a 
Gomphosphaeria led community to one headed by Anabaena spp. Some Coelosphaerium spp. 
was also present, Coelosphaerium spp. like Gomphosphaeria has a mucilage mass covering it 
cells rendering it unappealing to zooplankters. This was the highest concentration of blue-greens 
in 2001.
A sizeable population of picoplankton, a minute alga (0.2-2|om), was observed on the 26th June. 
Their presence was probably due to selective grazing pressure from zooplankton on the other 
algal species. Their small size probably had a competitive advantage, however later in the season 
they were out competed by cryptomonads as conditions changed. Picoplankton are ubiquitous 
in all types of lakes, in particular oligotrophic lakes.
Autumn 2001 (5th September to 7th November):
The blue-green alga {Coelosphaerium spp.) became increasingly dominant in September after 
since its initial appearance in August. The green algal and the cryptomonad component also 
increased marginally but these were successfully out competed by Coelosphaerium, probably as 
a result of late summer temperatures promoting the gas-vaculate buoyancy within the cells to
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raise them into the upper section of the watercolumn.
On the 19th October the algal community was once again dominated by picoplankton, this time 
the bloom was stronger than in previous months and it dominated the Mere. During the bloom 
only residual amounts of greens and ciyptomanads were observed, also zooplankton populations 
also decrease because they are unsuitably sized to graze upon. November 7th had the lowest algal 
abundance of the entire survey.
Winter 2001/2002 (29th January to 13th March):
Generally low numbers for diatoms, greens and blue-greens with clear water, marginal increases 
of crytomonads on a monthly basis were observed. All blue-greens had disappeared by the end 
of this season.
Spring 2002 (3rd April to 3(fh May):
The dominant phytoplankton in spring was the cryptomonads, a mixed green algal bloom of 
Ankistrodesmus and Scenedesmus species supported them. This produced a green / brown 
coloration to the water.
Interestingly a small spring diatom bloom of Asterionella formosa occurred, it increased monthly 
culminating to a peak abundance on the 14th June. When these values are compared to the 
concentrations observed at Bar Mere are substantially lower. This is because silca (which is 
required for the diatom frustule -  cell wall) is obtained from the weathering of rocks and it is 
known that Oak Mere derives the majority of its water from precipitation therefore limiting silica 
input into the system.
Summer 2002 (14th June to 19th August):
A green algal bloom of Closterium spp. appeared in early summer and then 
continued to dominate throughout the summer. The colour of the water was 
a vibrant green, which reflects the high abundance observed. They form part 
of the metaphyton in acidic lakes, and in many cases they are associated with 
sphagnum moss. Generally they are not observed in eutrophic waters but can 
be abundant in the littoral zone of nutrient poor to moderately nutrient rich 
waters and occasionally in the watercolumn. They are a small single celled 
alga, morphologically they are widest in the mid-region and taper towards 
either end, exhibiting various degrees of curvature. A number of other 
diatom species were recorded in the summer but they were out-competed by 
the Closterium spp. bloom (opposite).
Autumn 2002 (4th September to 1 7th October):
The 4th September had a strong mixed algal bloom with a total concentration 
exceeding 12,000 Nos./ml, it was composed from the on-going green Closterium bloom and the 
blue-green species Coelasphaerium spp. A peak of this magnitude provides evidence of a long 
summer, or more importantly a good incidence of light into the Mere.
Of concern is the presence Anabaena spp. once again, this time it occurred later than in 2001 but 
it still appeared. It is a nuisance species and can be a public health hazard when in sufficient 
concentrations, currently there has only been trace amounts but monitoring should continue.
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Conclusions:
These data do reveal temporal differences with regards to the composition of seasonal algal 
blooms. Some inconsistencies are revealed in the type of blooms that occurred; summer 2002 had 
an expected green algal bloom but in 2001 it was a cryptomonad. Autumn 2001 experienced a 
picoplankton bloom in 2001 but it was not repeated in 2002. This could be simply due to 
circulation patterns within the watercolumn or through diurnal movements. Essentially an annual 
assessment has been made but longer-term observations seem to conflict for the moment. The 
most important question that needs answering is what effect is the changing water quality 
(increasing nutrients and increasing pH) having on the algal assemblage within the Mere? More 
data is needed to be able to evaluate if changes are having an adverse effect.
Oak Mere has SSSI and SAC notifications and affords protection under the Section 28 of the 
Wildlife & Countryside Act, 1981 and the European Habitats Directive, Natura 2000. The 
notifications are for primarily for its nutrient poor (oligotrophic) waters, and its consequentially 
rare flora - this type of habitat is very unusual in the UK. Large populations of the rare green 
planktonic alga Botryococcus brauni. It is a slow growing alga that can only become dominant 
under conditions of minimal competition and grazing, it forms red / brown blooms in late 
summer. It was not observed during the monitoring programme and was probably out competed 
by the intensely green summer bloom of Closterium.
Line drawing and image of Botryococcus braunii
B. brauni may become locally extinct if the water quality continues to change. This loss may not 
be just a result of direct competition but other mechanisms may also contribute. The increasing 
pH is of particular concern. This removes the environmental pressures which are currently 
suppressing the zooplanktivorous fish (low pH reduces their breeding success). This will lead to 
increased predation on the zooplankton population therefore allowing algal densities to develop 
without being grazed therefore making it possible for B. brauni. to be out competed by other 
more opportunistic algae.
ZOOPLANKTON RESULTS:
Summary
Generally zooplankton concentrations followed the phytoplankton cycle with zooplankton 
appearing when their favoured food was available, an example of this is winter 2001 -  bosminids 
responded to cryptomonad growth. The abundances were relatively low when compared to other 
waters, e.g. Bar Mere, but interesting patterns were observed in response to the unique water 
quality of Oak Mere.
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There were three distinct blooms zooplankton throughout the monitoring programme. August
2001 had a mixed species bloom, April 2002 had a very strong bosminid bloom while August
2002 had a strong daphniid bloom. A pattern has become evident with Baphniids being the 
dominant component in late summer / autumn and bosminids proliferating in late winter through 
to spring. The 17fll August was the most diverse month in the monitoring programme.
Summer 2001 (6th June to 1 7th August):
17th August 2001 proved to be a diverse month with Daphnids, Diaptomus, Asplanchna and 
Bosminidae all present in similar concentrations, this correlates well with the phytoplankton data, 
which was also diverse, but in low concentrations.
The calanoid, Diaptomus spp., peaked during the large mixed bloom in August but annually it 
had less of a contribution. Annual abundances were patchy, this could be due to predation from 
zooplanktivorus fish, selectively feeding on the larger species such as Diaptomus spp. or through 
spatial variation throughout the watercolumn.
Autum n 2001 (5th September to 7th November):
During the picoplankton bloom on the 25th September the zooplankton population decreased this 
was because they are unsuitably sized for them to effectively graze upon. The abundances of the 
zooplankton population were falling, this is an expected response at this time of the year as 
available food, water temperature and daylight are all decreasing too.
Winter 2001/2002 (28th November to 21st February):
Winter should be generally quiet, as food is in short supply, but Bosminid activity increased on 
the 29th of January in a response to cryptomonad growth. This expansion continued to increase 
exponentially until 22nd April. Evidently cryptomonads are favoured source of food for the 
bosminids, as they were the only type of phytoplankton available for the bosminids to graze 
upon.
Spring 2002 (12th March to 3(fh May):
As mentioned previously, on the 22nd of April the population of zooplankton was dominated by 
bosminid, which was fuelled by a strong cryptomonad algal bloom. The concentration was a 
massive 312 numbers per litre. In the following months to algal community changed to one 
dominated by green algae this led to the crash of bosminids, adding further evidence that 
cryptomonads were there favoured food.
This bosminid crash on the 30th May meant that zooplankton was totally absent within the Mere. 
Summer 2002 (14th June to 19th August):
After the bosminid crash Daphniidae started to make a recovery, starting of in low 
concentrations. The daphniid population increased exponentially on the 19th August. This can be 
sharp increase can be explained by the presence residual daphniids on the greens (Closterium 
spp) waiting for the opportunity to thrive. This opportunity presented itself on the 19th August 
when conditions were favourable, this also resulted in an increase of the diatoms and blue-greens 
algae.
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Autumn 2002 (4th September to 1 7th October):
The 4th September witnessed a crash of the zooplankton community, this coincided with the 
increase of the blue-green alga, Coelosphaerium spp. This was not due to toxic effects from the 
blue-greens but as a result of it being unpalatable or indigestible, thus causing the decline in 
zooplankton concentrations.
The algal community on 26th September was quite low but it was diverse, as result of this 
abundance’s of daphniids and bosminids became slightly elevated.
The 17th October saw a daphniid population to rise to similar levels recorded on the 19th August. 
There is something happening here which is caused this, zooplankton can’t bloom without 
phytoplankton to fuel them. Further monitoring is needed to determine these interactions.
Conclusions:
The zooplankton community is responding to the algal community, generally the abundances are 
relatively low. Three distinct blooms occurred but these would be expected as a response to algal 
activity.
There are two species of Ceriodaphnia spp. are known to be found in Oak Mere, the upland 
species C. quadrangula and the rare C. dubia, are both listed on the notification letter (1994). 
They characterise the unique historic, oligotrophic status of the Mere. Unfortunately 
Ceriodaphnia spp. was recorded only as far a genus in this study, however it was the dominant 
species of daphniid during the blooms. In most eutrophic waters Daphnia pulex or D. longispina 
are the more common species with Ceriodaphnia spp. occurring occasionally in lower numbers. 
It seems that conditions are still favourable for Ceriodaphnia spp. to persist, but speciation for 
future surveys could demonstrate water quality changes in the future.
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Oak Mere Phvtoplankton & Zooplankton Results for June to October 2002
Phvtoplankton in Oak Mere - 
June 2001 to October 2002.
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Zooplankton in Oak Mere - 
June 2001 to October 2002
(II) Comparison of Laboratory Analysis and YSI probe
The table compares the minimum, maximum and averages of the two methods of chlorophyll-a 
measurement used in 2002.
YSI Probe 
Readings
Laboratory
Results
YSI probe 
+ 45 n.g/1
Minimum 2 4
Maximum 85 132 130
Average 19 56 70
NOTE: Calibration of the YSI chlorophyll probe is not possible in EA laboratories for Health and Safety reasons 
(requires the use of carcinogenic Acradine Orange) and so the manufacturers’ suggestion is to post-calibrate using 
laboratory results. However, since we are interested in the difference between laboratory and probe readings the YSI 
probe data has been left as the raw factory calibration. Correcting to laboratory results will firstly not allow a true 
comparison and secondly implies that laboratory analysis is more accurate than the YSI probe readings.
• As the table above and chlorophyll graph shows, YSI probe readings and laboratory results 
tally well when chlorophyll abundance is low - as seen at the end of the year from October 
onwards.
• During periods of higher chlorophyll abundance the laboratory results are consistently higher 
than the YSI probe readings, the average difference being +45 fj.g/1.
• If a ‘shift’ of +45 p.g/1 is applied to the YSI data (excluding October onwards), then this 
produces a matching maximum value and changes the average to within 14 |ig/l of the lab 
results. See chlorophyll graph and table above.
• This difference of +45 |iig/l affects the trophic classification of Oak Mere - YSI probe 
readings classify it as eutrophic/hyper-eutrophic and the laboratory results classify it as hyper- 
eutrophic.
• Further monitoring is required to see if this +45 difference is constant. A choice then has to 
be made whether to correct the YSI data, either by +45 or to laboratory results, or to leave 
as raw. Within the sonde software there is a temperature / chlorophyll calibration equation 
that can be adjusted from the generic factory setting to one that uses actual temperature and 
chlorophyll data from the mere itself. This option is available once more data has been 
collected.
Water Level: The water level graph shows water level data since 1998. During the
floods of October/November 2000 the water level logger was washed 
away and damaged. By the time it was re-installed in February 2001 water 
levels had risen sharply. During 2001 and into 2002 water levels steadied 
to an average rise of 1.5 m above Ordnance Datum. In 2002 there was a 
slight drop in level between March and the end of August and again in the 
particularly diy period between mid August and the beginning of October, 
levels then rose to above 1.6m (similar to those found in early 2001). 
Since recording began in 1998, levels have risen a total of 0.76 m, yet 
now seem to be continuing the trend established in 2001 of remaining 
around 1.5m above ordnance datum.
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The changing water quality o f  Oak Mere: 1997 to 2002
The characteristics of Oak Mere are changing and, as the table below shows, the direction and 
rate o f change is worrying. Figures are for average surface water values.
Table 3. Average values in surface waters from 1997 to 2002.
Parameter 1997 1998 1999 2000 2001 2002
Diss.Oxy (% sat.) 78 91 93 94 77 88
PH 4.6 4.5 4.6 5.7 6 6.5
Total P (|a.g/l) 60 47 48 no data 108 144
Nitrate (|ig/l) 120 117 61 15 133 125
Chlorophyll (|ig/l) 10 8 15 15 28 55
Secchi (m) 2.4 1.1 1.3
Water Level(m) 0.4 0.74 1.0 1.54 1.50
Trophic Status Mesotrophic/
Eutrophic
Mesotrophic/
Eutrophic
Eutrophic Eutrophic Eutrophic/Hyper-
eutrophic
Eutrophic/H
yper-
eutrophic
• Every year pH has steadily increased - from 4.6 when monitoring started in 1997 to 6.5 by
2002
• Total phosphorus remained quite steady from 1997 to 1999 at 50 jag/1 (2000 data missing) 
but in 2001 and 2002 the average had risen to over 100 (ig/1
• Similarly, chlorophyll abundance increased from 9 |a,g/l (1997/1998) to 15 [o.g/1 (1999/2000) 
and then again to 30 |ig/l (2001/2002), a three fold increase over 5 years
• When secchi disc readings began in 2000 transparency averaged 2.4m. By 2001/2002 this 
figure was down to lm
• The dramatic change in these parameters has altered the trophic classification of Oak Mere. 
Within 5 years the mere has changed from mesotrophic/eutrophic in 1997/1998, to eutrophic 
in 1999/2000 and by 2001/2002 to eutrophic/hyper-eutrophic.
• Also to note, the rise o f water level has lead to the inundation and substantial loss of 
Litterella on its shoreline. This is a rare grass species for which Oak Mere is an important 
ecological site.
So how can a rapid change in water quality be explained? The answer is related to the rise in 
water level and this explanation is two fold.
Firstly, it is known that both the local groundwater and surface runoff is nutrient poor. Inundation 
of water, which differs in physio-chemical and nutrient content to the mere, will have a ‘diluting’ 
effect on the meres chemistry. For example, over the past 5 years specific conductivity (measure 
of ion content) has decreased in ‘strength’ from an average of 115 (iS/cm in 1997, to 100 ^s/cm 
in 1998/1999, and then a levelling off at 80 (iS/cm for the last 3 years. The rate of decrease in 
specific conductivity inversely matches the rate of water level rise, the latter increasing in height 
for two years followed by a levelling off in the last couple. The rise in pH could be attributed 
to inundation o f more neutral pH water, so diluting the normally acidic waters towards pH 7.
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The second impact of a rise in water level is the submergence of shoreline vegetation. Decay and 
breakdown of these plants leads to the release of nutrients to the water column. In 2001 and 2002 
phosphorus levels increased by 50% since 1997/99 and 2001 saw a peak in nitrogen. This 
coincides with the November storms of 2000 when water levels in the mere rose quickly, 
inundating yet more shoreline vegetation and increasing the nutrient content of the waterbody 
further.
An increase in nutrients would then have lead to an increase in algal abundance, as noted over 
the years. Photosynthesis and growth of aquatic plants would have caused the pH to increase in 
alkalinity. Hence, the rise of pH values in Oak Mere is likely to have been a two-fold scenario, 
one from actual water ingress and one from increased productivity.
It can be concluded that due to the meres hydro-geological setting and associated inherent 
fluctuations in water level, Oak Mere is experiencing a natural ‘deterioration’ in water quality. 
It is losing the physico-chemical and ecological characteristics that make Oak Mere unique and 
is now becoming more characteristic of all the other eutrophic, nutrient enriched stillwaters found 
in Cheshire.
In terms of management of the site, there is little that can be done to halt the progression, but 
steps are being taken to reduce the impact:-
• Water quality and biological monitoring on the feeder streams is being pursued -  results 
available from Bill Dewhurst
• Controls on the mineral extraction businesses in the local area and controls to stop new 
mineral workings to below the water table
• Felling of tress on littoral zone to reduce leaf litter and hence organic input to the system
• Control over agricultural practices (use of fertilisers etc) through Countryside stewardship 
Scheme lead by FWAG.
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BAR MERE: 2002
Bar Mere monitoring buoy consists of a surface mounted YSI multi-parameter sonde deployed 
from a jetty in 1 m of water. Nutrient and chlorophyll samples are taken from surface waters 
during servicing visits. Secchi disc readings are not taken. The instrument was deployed mid 
February 2002 and removed in December for servicing. In total the instrument was deployed for 
80% of the year.
Results
From 10 months o f water quality monitoring it appears that the mere is highly productive.
Table 4a. Bar Mere continuous monitoring statistics for 2002 -  surface waters
Parameter Min Max Average Coverage %
Temperature °C 4 21 13 80
Sp.Cond |iS/cm 549 770 682 80
DO % 15 177 92 77
PH ................. 7.4 8.8 8.1 80
Table 4b. Bar Mere nutrient statistics for 2002 -  surface waters
Parameter Min Max Average
Chlorophyll a pg/1 2.32 105 36
Susp.Solids mg/1 3 18 8
Total P ng/1 25 310 131
Ortho -  P p.g/1 1 155 63
Nitrate jag/1 619 8980 4430
Ammonia ng/1 11.4 427 133
Silicate |j,g/l 197 9360 6954
Dissolved Oxygen: In spring dissolved oxygen super-saturated to over 150% sat. and then
again in June and July until falling below 20% sat. in August. Levels then 
recovered to over 130% sat. in September. Periods of super-saturation 
coincided with peaks of chlorophyll in April and September. Yet there 
was also an algal peak during the period of low level oxygen in August. 
This could indicate two things. One, that the subsequent decomposition 
of the bloom by aerobic-requiring bacteria led to severe oxygen depletion 
from the water column or, two, the probe had touched the mere bed and 
readings are those of the sediment interface. It is not possible to 
distinguish which is true.
pH: pH levels averaged 8.1, indicative of a productive system. During the
spring algal bloom pH rose to a high of 8.8 - nearing conditions toxic to 
aquatic life.
Chlorophyll a: Chlorophyll levels were high all year and the yearly average of 42 (ag/1
indicated a highly productive mere. During the spring bloom in April 
chlorophyll peaked at 60 jxg/1. After the bloom abundance halved but a
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Nutrients:
N:P Ratio:
Trophic Status:
Algal Analysis:
total collapse did not occur, indicating nutrient levels were still sufficient 
to sustain algal growth. Levels rose again to 100 |ig/l in September and 
October, indicative of an autumn turnover and an injection of nutrients, 
until a drop to winter background levels in November.
Bar Mere had high principal nutrient winter levels - nitrogen (8 000 |ig/l) 
and phosphorus (150 jj.g/1). Compared to the other 13 stillwaters this 
ranks Bar Mere in the top 4 of the most nutrient enriched waters. Both 
nitrate and ortho-phosphate were consumed to low levels during the algal 
spring bloom and summer months.
Using winter nitrogen and phosphorus levels the N:P ratio was 50:1, i.e. 
phosphorus is the growth-limiting factor for phytoplankton.
Using chlorophyll and total phosphorus determinands and based on 10 
months of data, Bar Mere can be classified as a hyper-eutrophic system.
Phytoplankton and Zooplankton Results: (Author P.Breslin)
PHYTONPLANKTON RESULTS:
Summary
Phytoplankton in Bar Mere was sampled from February to October 2002. Essentially the Mere 
experienced three pronounced blooms: there was a good strong mixed spring diatom bloom in 
spring, a smaller blue-green bloom in the late summer / autumn and a cryptomonad bloom in 
August.
Green algal (Chlorophyta) abundances were generally low, their presence in the Mere fluctuated 
seasonally, they were practically absent in the summer months (the season when they are most 
likely to bloom), although they did dominate one early September sample. Blue-green 
(Cyanophyta) nuisance species were observed in late summer but the majority observed were 
non-toxic but trace amounts of toxic species were also observed.
Spring:
A large mixed diatom bloom (Bacillariophyta) dominated the spring, it peaked on the 3rd April, 
decreased sharply and then tailed off towards mid summer. The bloom was principally composed 
of commonly occurring species found in lakes including: Asterionella, Synedra and Cyclotella, 
all o f which are indicative o f mesotrophic waters. Other species of diatoms added to the overall 
bloom but they were present in much lower numbers. The size of the bloom suggests that silica 
is abundant in the Mere, as it is important in forming the ‘frustule’ or the cell wall of the diatom. 
Interestingly a bloom of this magnitude was not repeated, which would be expected in the 
autumn following a turnover in the water column releasing nutrients from the sediment (i.e. a 
dimictic lake).
Green algal (Chlorophyta) abundances were low during spring, two of the more frequently 
observed species included Scenedesmus quadricauda and Closterium parvum, both are 
planktonic and are indicative of mesotrophic waters. Although Closterium is frequently observed 
closer towards the littoral zone of a waterbody, preferring shallower marginal conditions.
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Summer:
In August a simultaneous cryptomonad and blue-green algal bloom occurred, the cryptomonid 
bloom was the more dominant of the two. All the species observed were planktonic flagellates, 
they have either a red/brown (.Rhodomonas minuta) or olive-green/yellow (Cryptomonas ovata) 
pigmentation to the cell and. can produce significant colouration to the water when in sufficient 
quantities. This darker pigmentation enables them to harvest more of the available light in sub- 
optimal conditions - particularly in deep or turbid water. Two species C. ovata and R. minuta of 
cryptomonads dominated August. This spurious cryptomonad bloom could be the result of one, 
or a number o f factors in combination, which created conditions that are unfavourable to other 
algal species but where cryptomonads can thrive. Possibilities could include wind driven mixing 
of sediment into the water column, increased bio-turbation at the sediment / water interface by 
fish or mammals, or even from direct fluvial sediment input from Bickley brook. Incidentally 
cryptomonads are non-toxic alga and raise no public health concerns.
The blue-green component of the August bloom was made up principally from Coelosphaerium 
spp with some traces of Oscillatoria spp. These two species differ greatly morphologically and 
characteristically, Coelosphaerium spp. is typically a spherical colony with closely packed cells 
covered in a layer of mucilage, it is situated in the upper layers of the water column and it does 
not produce any harmful toxins. While Oscillatoria spp is filamentous species capable of 
producing harmful toxins, which when in high enough concentrations can have serious public 
health implications. It generally grows near to the thermocline and then rises to the surface in late 
summer, usually forming scums. Anabaena spp. also appeared in trace concentrations, it too is 
capable of producing toxic blooms similar to Oscillatoria spp.
A shift to either an O. agardhii or an A. circinalis dominated system is not desirable. The 
appearance of blue-greens is a natural occurance in lakes, they can be found in pristine waters 
but if  the frequencey and size of the bloom increases then concern should be raised, as it is 
probably being fuelled from anthropogenic sources. Sampling should continue to monitor for 
further change.
Autumn:
The Coelosphaerium spp. present in August crashed in September but Anabaena circinalis and 
Oscillatoria agardhii remained. Fortunately this happened to coincide with a small green algal 
bloom thus preventing blue-greens from becoming dominant. The small green bloom consisted 
of common species, which were seen earlier in the year, of which Scenedesmus quadricauda was 
the most dominant, lesser contributions were from Ankistrodesmus spp and the Closterium spp. 
all helped to increase the overall density of the bloom.
In late September the blue-green Coelosphaerium spp. regained its dominance after is August 
crash. The cryptomonad C. ovata and the green S. quadricada were also observed in low 
numbers throughout the remainder of the autumn.
A very small autumnal diatom bloom was observed.
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Conclusions:
Bar Mere has a SSSI notification with its chief interest being the fringing reedbeds. There doesn’t 
seem to be many issues with the algal assemblage observed, as outlined in the summary the 
spring and late summer blooms were all unremarkable and expected. Monitoring should continue 
to ascertain whether the blue-green population changes from its benign state to an undesirable 
one.
The water was clear in early summer with the algal community, seemingly suppressed, this could 
be possibly due to a number of reasons including submerged macrophyte competition for 
nutrients and piscivorous fish interactions. If Bar Mere supports a healthy mixed population of 
fish then it would probably harbour piscivorous fish e.g. pike and perch. This should theoretically 
have a negative effect the algal biomass (pressures on different trophic levels produce changes 
down the food chain). Piscivorous fish predate upon zooplanlctivorus fish, which reduces the 
predation on the zooplankton community therefore increasing the overall grazing pressure on the 
algal community - therefore clearing the water. The same scenario can also be applied to 
piscivorous birds eating the zooplanlctivorus fish, resulting in clear water.
ZOOPLANKTON RESULTS:
Summary
The zooplankton community in Bar Mere had a straightforward annual cycle, which 
complemented the phytoplankton cycle well. Daphnidae (Cladoceran) were the dominant 
constituent of the zooplankton community throughout the year. They peaked during the spring 
diatom bloom and again during the late summer / autumn bloom. Other species made an 
appearance but they were greatly overshadowed by shear numbers of daphniids. In summer the 
lack of algae within the Mere, were reflected in the zooplankton abundances. This could be 
possibly due to submerged macrophyte competition or trophic pressures.
Spring:
Daphniids dominated the Mere for most of the year but they were particularly domineering in the 
spring. However, the most diverse mix of zooplankton was also in the spring, it included: 
cyclopoids (Cyclops spp.), calanoids (.Diaptomus spp.) and rotifers (Asplanchna spp.) as well as 
the ubiquitous daphniids. On the 22nd April bosminids and rotifers reached their maximum 
abundance that they would achieve throughout the year.
Summer:
Daphniids still remained dominant but the abundances were much lower than in the spring. The 
calanoid, Diaptomus spp, was present in low numbers throughout the summer, probably grazing 
upon the cryptomonids and diatoms.
On the 19th August there was a cryptomonad algal bloom, the daphniid -  Ceriodaphnia spp. 
emerged to graze the bloom and a reduction of the algal density in the following month 
subsequently ensued. Both the cryptomonad alga and the Ceriodaphnia spp populations remained 
low levels for the rest of the sampling period showing little signs of recovery. Cryptomonids can 
therefore be concluded as being an important source of food for the daphniid, Ceriodaphnia spp.
20
Autumn:
September and October had low abundances across all of the zooplankton species. This could 
be attributable to the blue-green algal bloom. The blue-green bloom occurred on 26th September 
and it was principally composed of Coelospharium spp. which has a mucilage layer covering its’ 
cells. It is therefore reasonable to assume it renders it indigestible or at most unpalatable to the 
zooplankters. No blue-green algal toxins had a role in biomass reduction.
Conclusions:
This is a Daphnia dominated system, they responded to fluctuations of the algal community with 
peak abundances observed during the diatom bloom. The speciation of Ceriodaphnia spp. in 
future surveys could demonstrate changes in water quality as they have species specific 
environmental requirements.
Bar Mere Phytoplankton & Zooplankton Results for June 2001 To October 2002
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Phvtoplankton in Bar Mere - 
February to October 2002.
Z oop lank ton  in  B ar M ere  - 
21 F eb  2002  to  17 O ct 2002.
4 . D I S C U S S I O N
• The w inter m onitoring over two years show ed that for each stillw ater the w ater quality 
conditions were sim ilar from  year to year. A lso, the general ‘productive’ ranking order o f  the 
stillw aters rem ained the same.
•  Phosphorus is the grow th-lim iting factor in  M ere M ere, Tabley M ere, B etley M ere and Bar 
M ere (the norm  for freshw ater); and nitrogen is the grow th-lim iting factor in  O ss M ere, 
Rostherne M ere, Com ber M ere and Tatton M ere (more characteristic o f  the Cheshire M eres).
•  Since m onitoring began the dataset indicates Oak M ere has ‘deteriorated’ at an alarm ing rate 
and im m ediate attention is required.
•  From  10 m onths o f  data B ar M ere appears to be a h ighly  enriched waterbody.
5 . 2 0 0 3  M O N I T O R I N G
The 14 stillw aters w ill be sam pled January / February 2003 to continue the w in ter database. 
H ow ever, due to s taff shortages over the next year the data w ill not be processed or interpreted. 
It is anticipated that m onitoring w ill be undertaken in  2004, w hen both  years w ill be reported 
upon.
It is im perative that m onitoring on O ak M ere is continued, and another year o f  m onitoring Bar 
M ere w ould  be advantageous to fully determ ine the ‘status q u o ’ o f  the m ere.
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Meres Location Map
Stillwater Date Time Max depth Secchi NGR Depth Temp Sp.Cond DO%sat pH
Comber Mere 05/02/2001 11:15 10.5 1.85 SJ 58776 44494 0.1 3.73 460 77.2 7.29
9.3 3.73 463 76 7.24
Oss Mere 05/02/2001 13:30 3.4 1.35 SJ 56670 44054 0.1 3.82 368 94.5 7.26
2.5 3.82 367 94.2 7.36
Marbury Big Mere 05/02/2001 15:30 7.5 1.2 SJ 56033 45452 0.1 3.85 420 78.6 7.44
7 3.83 475 64.1 7.38
Chapel Mere 06/02/2001 12:30 2.5 1.2 SJ 54061 51881 0.1 4.65 592 86.3 7.49
2.5 4.62 592 81 7.51
Oak Mere 06/02/2001 14:00 7.6 1.4 SJ 57549 67532 0.1 4.28 85 88.2 6.69
7.2 4.15 84 89.7 6.52
Hatch Mere 06/02/2001 15:15 3.9 0.9 SJ 55360 72142 0.1 4.54 356 84.5 7.01
3.5 4.51 356 84.6 7.05
Black Lake 06/02/2001 16:30 SJ 53811 70906 0.1 5.25 113 44.9 4.75
Betley Mere 07/02/2001 09:25 1 0.55 SJ 75024 47985 0.1 5.47 466 92.2 7.35
Tabley Mere 07/02/2001 12:40 3.9 0.65 SJ 72184 76783 0.1 5.65 817 91.5 7.39
3.5 5.46 824 88.6 7.39
Melchett Mere 07/02/2001 14:40 10 1.8 SJ 75125 81131 0.1 4.86 386 98.5 7.2
8 4.77 387 98 7.24
Tatton Mere 07/02/2001 15:40 10.5 2.6 SJ 75546 80210 0.1 4.43 442 100.3 7.59
9.5 4.51 448 100.5 7.62
Rostherne Mere 09/02/2001 09:20 26.7 2.9 SJ 74226 84110 0.1 4.2 420 83.7 7.76
26 3.9 422 80 7.81
Mere Mere 09/02/2001 11:30 7.1 0.75 SJ 73262 81730 0.1 4.18 362 84.3 7.36
6.1 4.15 362 83 7.35
Stillwater Date Time Temp Sp.Comd DO%sat pH
Comber Mere 28/01/2002 1000 5.42 505 87.6 7.97
Oss Mere 28/01/2002 1100 6.69 405 90.6 8.05
Marbury Big Mere 28/01/2002 1145 6.12 539 88.6 8.01
Bar Mere 28/01/2002 1300 6.78 721 83.3 8
Chapel Mere 28/01/2002 1400 7.44 630 55.4 7.36
Black Lake 28/01/2002 1530 7.19 86 71.2 5.59
Hatch Mere 28/01/2002 1600 6.87 340 85.8 7.31
Tabley Mere 29/01/2002 1200 7.51 1028 90.4 7.82
Melchett Mere 29/01/2002 1320 6.8 439 82.3 7.7
Tatton Mere 29/01/2002 1345 7.45 483 103.7 7.93
Mere Mere 29/01/2002 1420 6.44 419 84.5 7.45
Rostherne Mere 30/01/2002 1045 6 428 84.8 7.4
Betley Mere 30/01/2002 1200 7.88 607 86.7 7.88
Stillwater Sampling - Winter 2001 & 2002. Profile Data
Temperature Specific Conductivity
Dissolved Oxygen PH
Stillwaters Sampling - Winter 2001 & 2002. Nutrient Data
Chlorophyll a
ortho-Phosphate
Total Phosphorus
Ammonia Silicate
Nitrate
Stillwaters Sampling - Winter 2001 & 2002. Nitrogen : Phosphorus Ratios 
< 16; 1 — Nitrogen Limited_______________________________________________
Site
surface only
TON Total P N:P Ratio 
2001
TON Total P N:P Ratio 
2002
Oak Mere 156 64 2 323 99 3
Oss Mere 914 194 5 291 117 2
Comber Mere 1760 296 6 1600 255 6
Rostherne Mere 1840 204 9 1510 179 8
Tatton Mere 792 90 9 942 108 9
Chapel Mere 1970 149 13 1270 55 23
Marbury Big Mere 3850 223 17 2880 296 10
>16:1= Phosphorus Limited
Site
surface only
TON Total P N:P Ratio 
2001
TON Total P N:P Ratio 
2002
Betley Mere 4190 191 22 5240 171 31
Bar Mere 5090 192 27 8030 140 57
Tabley Mere 4870 136 36 7130 154 46
Mere Mere 2710 71 38 2080 71 29
Melchett Mere 812 20 41 369 27 14
Hatch Mere 6420 47 137 650 98 7
O a k m e r e  T e m p e r a tu r e  2001
Oakmere Dissolved Oxygen 2001
Oakmere pH 2001
Oakmere Specific Conductivity 2001
OAKMERE - Nutrients 2001
Secchi Disc Transparency & Suspended Solids
Total Phosphorus
Chlorophyll a
ortho-Phosphate
Nitrate Nitrite
Ammonia Silicate
Oak Mere Temperature 2002
O a k  M e re  D is s o lv e d  O x y g e n  2 0 0 2
31
-D
ec
Oak Mere pH 2002
Oak Mere Specific Conductivity 2002
Oak Mere Chlorophyll 2002
Oak Mere Depth Of Probe 2002
OAK M ERE - NUTRIENTS 2002
Suspended Solids & Secchi T ransparency Chlorophyll a & Phaeophytin
ortho-Phosphate
Nitrite
SilicateAmm onia
N itrate
T otal Phosphorus
Oakmere Water Level 1998 - 2002
B a r  M e re  T e m p e r a tu r e  2 0 0 2
B a r  M e re  D is s o lv e d  O x y g e n  2 0 0 2
31
-D
ec
Bar Mere pH 2002
----- 1 m depth
31
-D
ec
Bar Mere Specific Conductivity 2002
31
-D
ec
Bar Mere Depth Of Probe 2002
BAR M ERE - NUTRIENTS 2002
Suspended Solids Chlorophyll a & Phaeophytin
Total Phosphorus & ortho Phosphate N itrate
SilicateN itrite & Ammonia
Stillwaters Sampling - Winter 2001 & 2002. Nutrient Raw Data
Site Date Time Secchi Susp.Solid Chloroph; Phaeophytin Alkalinity Total P
m mg/1 Hg/I »*g/l mg/I Hg/I
Tatton Mere 07-Feb-01 1540 2.6 3 3.48 2.18 127 90
07-Feb-01 1541 84
Rostherne Mere 09-Feb-01 920 2.9 4 0.89 0.89 106 204
09-Feb-01 921 187
Hatch Mere 06-Feb-01 1515 0.9 5 7.59 4.98 77.6 47
06-Feb-01 1516 74
Betley Mere 07-Feb-01 925 0.55 14 13.8 11.4 145 191
07-Feb-01 926 186
Oss Mere 05-Feb-01 1330 1.35 < 3 48.7 35.9 144 194
05-Feb-01 1331 192
Marbury Big Mere 05-Feb-01 1530 1.2 11 4.11 3.24 167 223
05-Feb-01 1531 223
Chapel Mere 06-Feb-01 1230 1.2 4 3.66 2.79 221 149
06-Feb-01 1231 149
Comber Mere 05-Feb-01 1115 1.85 4 5.09 4.44 162 296
05-Feb-01 1116 299
Oak Mere 06-Feb-01 1400 1.4 < 3 4.11 1.94 < 5 64
06-Feb-01 1401 66
Mere Mere 09-Feb-01 1130 0.75 4 3.12 2.47 65.5 71
09-Feb-01 1131 75
Tabley Mere 07-Feb-01 1240 0.65 15 28.7 22.2 131 136
07-Feb-01 1241 145
Melchett Mere 07-Feb-01 1440 1.8 8 5.53 4.88 121 < 20
07-Feb-01 1441 < 20
Black Lake 06-Feb-01 1630 4 16.2 14.1 < 5 28
Bar Mere 06-Feb-01 1015 16 6.87 5.57 179 192
Site Date Time Secchi Susp.SoIicl Chloropir Phaeophytin Alkalinity Total P
Tatton Mere 29-JAN-2002 1345 3 8.84 6.67 135 108
Rostherne Mere 30-JAN-2002 1045 < 3 1.7 121 179
Hatch Mere 28-JAN-2002 1600 19 13.5 12.2 97.3 98
Betley Mere 30-JAN-2002 1200 7 13.7 191 171
Marbury Big 28-JAN-2002 1145 32 23.8 21 225 296
Oss Mere 28-JAN-2002 1100 6 12.3 10.8 154 117
Chapel Mere 28-JAN-2002 1400 4 4.64 4.21 223 55
Comber Mere 28-JAN-2002 1000 5 15.6 13.6 199 255
Oak Mere 29-JAN-2002 1015 3 < 5 99
Mere Mere 29-JAN-2002 1420 8 10.8 6.25 80.1 71
Tabley Mere 29-JAN-2002 1200 9 9.46 6.64 166 154
Melchett Mere 29-JAN-2002 1320 3 7.32 4.72 151 27
Black Lake 28-JAN-2002 1530 < 3 10.9 10.5 < 5 100
Bar Mere 28-JAN-2002 1300 18 17.6 15.2 208 140
TON Nitrate Nitrite
ng/i Hg/1
792 776 15.7
857 845 12.1
1840 1830 9.84
1840 1830 10.4
6420 6380 36
6330 6290 35.7
4190 4160 35
4720 4690 35.5
914 902 12.3
884 871 12.8
3850 3770 83.3
3820 3740 82.6
1970 1950 20.5
2010 1990 20.5
1760 1710 53
1820 1770 53
156 152 3.74
153 149 3.82
2710 2700 10.6
2730 2720 11
4870 4810 63.4
4410 4340 65.5
812 798 14.5
894 881 13.3
6.04
5090 5050 45
TON Nitrate Nitrite
942 933 8.61
1510 1510 4.81
650 607 42.9
5240 5210 32.9
2880 2840 38.4
291 284 7.58
1270 1250 19
1600 1580 25
323 320 33
2080 316 17.2
7130 7070 67.3
369 365 3.91
2.5 < 2.5 4.7
8030 7960 65
Ammonia ortho-P Silicate
l*g/l Pg/l
187 85.9 10100
189 85.3 10100
28.6 197 5760
25.5 194 5820
132 10.3 6770
138 10.9 6740
182 89.8 8340
188 89.3 7860
166 139 5530
169 145 5420
427 177 8200
426 178 8190
110 109 8410
112 10.6 8410
32.4 250 7820
52.6 246 7760
378 23.2 1200
373 23.6 1200
79.4 15.4 6590
85.2 16.3 6500
445 79.3 6550
454 74.1 6620
43.2 3.09 8960
47.2 4.9 8990
840 2.88 7680
572 88.7 7670
Ammonia ortho-P Silicate
82.5 75 10500
9.92 169 4950
136 15.4 5580
104 85.8 8920
531 205 8360
151 75.2 4130
100 31.7 8650
56.6 240 5830
51.4 35.4 670
168 12.6 4020
253 76.9 6670
59.9 2.26 6330
1290 < 1 3770
427 77.2 8590
Oak Mere Nutrient Raw Data 2001
TOP
Date Secchi Susp Solids Chlorophyll Phaeophytin Alkalinity Total P ortho- P TON
m mg/1 mg/1 fig/l Hg/I wfl
12-JAN 1.5 6 4.55 4.55 < 5 62 13.8 133
31-JAN 1.2 < 3 5.8 5.37 7.9 71 20.5 149
06-FEB 1.4 < 3 4.11 1.94 < 5 64 23.2 156
20-FEB 1.2 < 3 4.55 3.9 5.2 37 26.4 184
27-MAR 1 12 11.9 11.7 < 15 77 19.6 251
20-APR 1.3 < 3 10.1 8.78 5.6 83 23.7 290
16-MAY 1 < 3 5 116 28.4 329
06-JUN 0.8 4 32.3 < 15 127 9.7 125
27-JUN 0.95 < 3 20 18.9 6.7 135 46 169
I2-JUL 0.9 8 94.9 75.8 6 215 63 9.2
01-AUG 1 4 34.7 < 5 117 66.8 < 3
17-AUG 1.1 7 29.5 18.9 5 152 76.7 46.1
05-SEP 0.9 5 115 114 < 5 142 51.6 < 3
25-SEP 1.2 < 3 10.8 9.71 < 5 117 54 48.1
19-OCT 1.2 < 3 < 5 110 50.9 140
O6-NOV 1.2 3 19.6 16.7 < 5 105 30.4 82.9
28-NOV 1.1 < 3 21.6 19.4 < 5 106 39.9 238
Min O.S 3 4.11 1.94 5 37 9.7 3
Max 1.5 12 115 114 15 215 76.7 329
Average M l 4 28 24 7 108 38 139
BOTTOM
Date Secchi Susp Solids Chlorophyll Phaeophytin Alkalinity Total P ortho- P TON
12-JAN 73 13.3 137
31-JAN 70 21.6 162
06-FEB 66 23.6 153
20-FEB 31 25.7 183
27-MAR
20-APR
77 20.2 255
16-MAY 133 66.3 284
06-JUN 128 32.4 173
27-JUN 159 67.4 160
12-JUL 425 297 11.1
01-AUG 390 166 < 3
17-AUG 555 555 14.2
05-SEP 134 52.8 < 3
25-SEP 128 56.6 44.4
19-OCT 100 50.6 142
O6-NOV 116 25.7 189
28-NOV 104 37.3 240
Min 31 13.3 3
Max 555 555 284
Average 168 94 135
Nitrate Nitrite Ammonia Silicate
Pgrt
129 3.95 294 1070
146 3.14 330 1100
152 3.74 378 1200
180 3.86 424 1160
246 4.83 350 921
282 8.49 392 289
316 13.4 38.5 283
115 9.77 14.6 12
161 8.28 14.6 192
5.1 4.1 107 321
< 3 1.75 U.5 469
38.2 7.97 119 659
< 2.5 3.6 28.2 686
43.9 4.21 155 1030
134 5.52 134 1060
70 13 43.9 984
234 4.06 112 931
2.5 1.75 11.5 12
316 13.4 424 1200
133 6 173 727
Nitrate Nitrite Ammonia Silicate
133 3.7 302 1130
158 4.12 329 1090
149 3.82 373 1200
179 4.43 415 1150
250 5.1 337 948
276 8.33 358 608
166 7.23 59.3 82.4
153 7.37 108 410
4.56 6.54 299 629
< 3 3.08 359 791
7.83 6.38 565 918
< 2.5 4.37 28.3 704
40.6 3.76 185 1160
136 5.67 135 1090
185 3.86 46.6 962
235 5.03 111 890
2.5 3.08 28.3 82.4
276 8.33 565 1200
130 5 251 860
Mg/1
670
683
639
649
670
661
592
665
409
599
449
648
936
1130
550
818
1130
1500
1710
409
1710
795
Silica
8590
7970
7830
6710
2600
197
4370
5950
7040
9360
8080
8330
9360
8940
8980
197
Oak Mere and Bar Mere - Nutrient Raw Data 2002
Oak Mere
Date Site Secchi Susp.Solids Chlorophyll._ Phaeophytin Alkalinity Total P Ortho_P TON Nitrate Nitrite Ammonia
m mg/1 Mg/* Mg/* mg/1 Mg/1 Mgfl Mg/* Mg/* Mg/* Mg/*
29-Jan top 1.1 3 < 5 99 35.4 323 320 3.3 51.4
bottom 95 33.9 319 316 2.93 49.7
21-Feb top 1 4 44.5 1.38 < 5 124 68.1 290 285 4.42 17.3
bottom 108 49.1 305 299 5.39 19.9
13-Mar top 0.9 6 92.6 69.2 < 5 96 6.22 70.8 63.9 6.95 12.5
bottom 85 7.82 77.3 70.6 6.75 14.9
3-Apr top 5 57.6 49.5 6.1 108 21 < 2.5 < 2.5 3.85 54.2
bottom 98 29.5 5.07 < 2.5 3.53 60.6
22-Apr top 0.85 5 44 38.1 6.8 103 2.32 < 2.5 < 2.5 2.12 49
bottom 187 55.5 < 2.5 < 2.5 2.65 251
30-May top 5 86.2 55.4 < 5 78
14-Jun top 4 54.8 23.4 < 15 134 35.7 10 6.54 3.5 57
3-Jul top 4 81.8 44.9 5 202 55.5 < 2.5 < 2.5 3.19 13.2
23-Jul top 3 45.2 9.38 5.1 238 87.9 < 3 < 2.5 2.88 15.4
19-Aug top 7 103 75.2 6 226 77.2 43.8 35.8 8.05 11.8
4-Sep top 9 124 87.5 5.9 258 67.7 3 2.5 4.96 9.16
26-Sep top 3 42.8 33.4 5.9 182
17-Oct top 3 5.44 4.57 6.6 178 64.2 147 134 13.3 485
8-Nov top 3 16.5 13.8 5.2 129 48.6 324 313 11.1 281
28-Nov top 4 8.4 7.93 5 148 50.6 390 381 9.49 202
19-Dec top 4 17 16.7 5.5 54.9 603 8.05 164
Minimum 3 5 1 5 78 2 3 3 2 9
Maximum 9 124 88 15 258 88 603 381 13 485
Average 5 55 35 6 144 45 154 125 6 96
• Mere
Date Site Secchi Susp.Solids Chlorophyll^ Phaeophytin Alkalinity Total P Ortho_P TON Nitrate Nitrite Ammonia
29-Jan 18 17.6 15.2 208 140 77.2 8030 7960 65 427
14-Feb 9 12.2 8.73 197 158 79.5 9040 8980 64.1 231
21-Feb 6 10 2.41 203 158 75.6 8450 8390 61.9 237
13-Mar 7 35.7 28.5 199 100 46.1 7250 50.7 118
3-Apr 9 62.3 50.8 213 92 10.5 666 619 47.1 11.4
22-Apr 10 31 27.3 229 78 1.67 5070 5040 31.3 13.2
14-Jun 3 24.5 14.8 225 70 21 3400 3320 75.5 28.6
3-Jul 8 43.5 32.8 236 25 < 1 2420 2310 106 32.3
2&Jul 7 49.2 20.8 252 78 77 2400 2320 78.8 61.7
19-Aug 15 105 74.1 222 310 38.6 2790 2670 21.4
4-Sep 8 52.8 30.2 235 147 66.6 2750 2690 64.6 13.1
26-Sep 8 102 57.2 245 156 64.3 2010 46.1 13.7
17-Oct 9 2.32 1.89 231 175 155 2280 49.7 257
8-Nov 7 16.7 12.4 206 86 110
28-Nov 4 7.4 6.8 192 190 141 7370 192 332
19-Dec 5 5.2 4.8 196 83.8 7670 73.7 193
Minimum 3 2.32 1.89 192 25 1 666 619 31.3 11.4
Maximum 18 105 74.1 252 310 155 9040 8980 192 427
Average 8 36 24 218 131 63 4773 4430 74 133
